Introduction
Uterine leiomyoma is the most common uterine neoplasm. It is diagnosed in about 25% to 30% of women [1] . Open myomectomy is a conservative treatment primarily used for symptomatic leiomyomas. However, laparoscopic myomectomy (LM) has become a more attractive option because it is less invasive, producing less postoperative pain with shorter recovery time compared to open myomectomy [2, 3] . Nevertheless, LM can be a difficult procedure since it takes longer Recurrence factors and reproductive outcomes of laparoscopic myomectomy and minilaparotomic myomectomy for uterine leiomyomas Dong Gi Shin 1 time to be skilled with technical difficulties for treating large and multiple leiomyomas.
Minilaparotomic myomectomy (MM), an alternative to LM, has been considered as a valid and cost-effective treatment [4] . A recent study has reported that laparoscopic surgery represents a truly minimally invasive surgical approach that can be used safely for the management of benign and neoplastic gynecologic diseases [5] [6] [7] . Although several studies have compared the surgical and reproductive outcomes of laparotomy to those of LM [8, 9] , few long-term data are available on the effectiveness and morbidity of laparoscopic and minilaparotomic approaches for treating uterine leiomyomas. Only one randomized controlled trial compared the short-term outcomes of LM and MM and demonstrated that both procedures are safe and minimally invasive. However, the study did not focus on the difference in recurrence or future fertility between the two groups [10] . Therefore, the purpose of this study was to determine recurrence factors and reproductive outcomes of LM and MM for treating uterine leiomyomas.
Materials and methods
A total of 160 women who underwent surgery with either LM or MM at Chungnam National University Hospital were enrolled in this study from October 2007 to May 2013. This study was approved by the institutional review board of the hospital and the requirement for informed consent was waived due to its retrospective nature (2016-04-011). Detailed history data including demographic characteristics, menstrual, obstetric, medical, and surgical history, fertility, and pregnancy outcomes were obtained from medical records. In this study, all patients were operated on by one surgeon and followed up for more than 2 years.
Indications for myomectomy were unexplained infertility or leiomyoma-related symptoms. Leiomyomas were subserosal or intramural type. Their sizes ranged from 3 to 10 cm and their numbers ranged from 1 to 10. Symptoms mainly comprised of the following: urinary retention, voiding difficulty or frequency, secondary dysmenorrhea, low back pain, and severe anemia from heavy menstrual bleeding.
Preoperative work-up consisted of pelvic exams and pelvic ultrasounds to establish the volume and consistency of the uterus as well as the number, size, locations, and types of leiomyomas. Magnetic resonance imaging was performed when the exact nature of the leiomyomas could not be determined by ultrasound. After preoperative work-up, gonadotropinreleasing hormone agonist (GnRHa) was injected 2 to 3 times at a monthly interval to patients with anemia or leiomyomas of larger than 8 cm in diameter. For postoperative follow up, pelvic ultrasound exams were conducted at 1 month after the operation to check residual leiomyomas. Afterwards, routine pelvic ultrasound exams were conducted every 6 to 12 months.
Of the 160 patients, 122 underwent LM and 38 women underwent MM. The surgeon involved was skilled in both procedures. First, the decision to perform LM or MM was made preoperatively based on the characteristics of the patient and leiomyomas. Next, we observed and confirmed the location of the lesion and the size and shape of the uterus with a laparoscope. After that, the final decision on the type of surgical method was made. In our study, MM was performed on principle when the size of leiomyoma was larger than 8 cm or its number was more than three. However, in rare cases, LM was performed when the type of leiomyomas was intraligamental or pedunculated even if it satisfied the criteria for MM mentioned above. There was no case report of conversion from LM to MM during surgery in this study. We excluded patients who had submucosal leiomyomas, adnexal abnormalities at ultrasound and residual leiomyomas detected at 1 month by postoperative ultrasound examination in present study. Recurrence was defined as a reappearance of leiomyomas on clinical examination and leiomyomas of more than 2 cm in diameter on ultrasound.
The distributions of patient characteristics between LM and MM were compared to each other using two-sample ttest for continuous variables and chi-square test (or Fisher's exact test when the expected frequency within any cell was <5) for categorical variables. Multivariate logistic regression analysis was used to determine the adjusted odds ratios of the MM group. Variables considered as potential confounders in multivariate analysis were body mass index (BMI), the mean number of leiomyomas, and the mean diameter of the largest leiomyoma. Cumulative event (recurrence) rate was calculated with the Kaplan-Meier method using the time to the first event as outcome variable. The differences between the two groups were tested with log-rank test. In addition, Cox proportional hazards model was used to calculate the hazard rate for recurrence after myomectomy. A P-value of less than 0.05 was considered as statistically significant. Statistical analysis Dong Gi Shin, et al. Myomectomy outcome and recurrence factor was performed with the SPSS ver. 18 (SPSS Inc., Chicago, IL, USA).
Results
The demographic and clinical characteristics of the LM and MM groups are summarized in Table 1 delivery, and delivery methods were also similar to each other between the two groups. The calculations above were later adjusted using logistic regression in an effort to control several variables that might affect the results. Before using the logistic regression model, BMI, size, and numbers of leiomyomas were very different in the two groups. However, they were controlled with the adjustment. We adjusted the odds ratios of the MM over LM group and calculated each P-value (Table 2) . Postoperative hospitalization stay (P=0.020) was the only variable that showed significance. All other surgical and reproductive outcomes were not significantly different between the two groups. Especially, the recurrence rate did not differ between the two groups (P=0.244)
The median follow-up time for all patients was 40 months (range, 24 to 109 months) and the median time from myomectomy to recurrence was 31 months (range, 6 to 44 months). Recurrence was analyzed with clinical factors that might have affected recurrence. Of all variables, only preoperative administration of GnRHa showed significant association with recurrence (P =0.039) ( Table 3 ). All other clinical factors and comparison between the two surgical methods of Odds ratios are adjusted using logistic regression. Variables that may influence to the others (body mass index, number/diameter of leiomyoma) were controlled. Adjusted odds ratios (95% confidence interval) and P-values of surgical and reproductive outcome are shown above.
Cumulative recurrence Dong Gi Shin, et al. Myomectomy outcome and recurrence factor myomectomy did not show significance. Therefore, multivariate analysis was not performed. Kaplan-Meier curve in Fig. 1 showed significant difference in recurrence for preoperative administration of GnRHa.
Discussion
In this study, LM and MM were not significantly different in most surgical outcomes including the recurrence rate. Nonetheless, we found significant difference in postoperative hospitalization stay between the two groups. Alessandri et al. [10] have also compared LM and MM with a randomized controlled study and reported that LM groups requires less postoperative analgesics and recovers faster postoperatively.
In terms of reproductive outcomes, we found no significant difference between MM and LM concerning cumulative live birth rate, time to first pregnancy, or delivery. Consistent with our results, Malzoni et al. [11] have reported that both LM and MM can improve reproductive outcomes to similar extents in patients with unexplained infertility. Therefore, surgical method is not an important determinant of postoperative pregnancy rates. However, further prospective randomized control studies are needed to confirm these results. In addition to surgical and reproductive outcomes, we focused on factors that might affect recurrence. Factors affecting recurrence in myomectomy have been studied previously [12] [13] [14] . According to Radosa et al. [12] , patients in the third decade of life and diagnosed with more than one leiomyoma have increased risk of recurrence. In our study, preoperative administration of GnRHa was the only factor that significantly affected recurrence. Preoperative administration of GnRHa was used to decrease the size of leiomyomas prior to surgery. This result indicating that preoperative administration GnRHa might prevent the identification of small leiomyomas. In our study, patients' characteristics, diameter of the largest leiomyoma, number of leiomyomas, and mean BMI were significantly different between the two groups. Marret et al. [15] have reported that the diameters and numbers of leiomyomas are significantly higher in abdominal myomectomy group than those in LM group. According to Sparic et al. [16] , obesity do not have consistent association with the risk of leiomyomas. However, some articles claim that obesity can increase the risk of leiomyomas [17] [18] [19] . In this study, the mean BMI was higher in the MM group than that in the LM group. Since the MM group had larger sizes or more numbers of leiomyomas, there might be a correlation between obesity and leiomyomas. However, obesity was not considered as a variable when we selected the operation method in our study.
With respect to study limitations, there are largely three impediments that warrant attention. First, given that the study design was retrospective, the possibility of missing data was unavoidable. For instance, we only included patients with a follow-up of >2 years. This not only reduced the quality of the database, but also generated selection bias. Second, the accuracy of examination is questionable. Magnetic resonance imaging scans are more accurate than ultrasounds in screening uterine leiomyomas. However, due to the expense of examination, we used ultrasounds for identification of uterine leiomyomas instead of magnetic resonance imaging. Lastly, a potential limitation can arise from the annual ultrasounds in this study. Such use has enabled us to detect recurred leiomyomas. However, consequently there might be a tendency of overestimating recurrence rates. This might explain the discrepancy between our study and previous studies in which ultrasounds were only conducted in the presence of symptoms. Despite these limitations, this study has its merit in that it is the first study that compares the recurrence and reproductive outcome between LM and MM. In addition, our study was able to minimize the gap in the outcomes among different operators because only one surgeon performed both LM and MM.
In conclusion, this study shows that LM and MM are two surgical methods that have similar recurrence rates and reproductive outcomes. The only recurrence factor of significance was pre-operative administration of GnRHa. However, randomized prospective control study is needed to confirm the results of this study.
